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How much sunlight can 
enter a room?



“The centre of at least one window to a 
main living room can receive 25% of 
annual probable sunlight hours, including 
at least 5% of annual probable sunlight 
hours in the winter months between 21 
September and 21 March”

P. Littlefair. Site Layout Planning For Daylight And Sunlight: A Guide To Good Practice 2nd Edition. 
Building Research Establishment, 2011



The sunlight beam index

This paper describes a fundamental rethinking of the basis for the evaluation of the sun-
light potential of spaces. It provides a robust methodology to answer the question: how
much sunlight can enter a room? The measure proposed is the cross-sectional area of
beam sunlight that passes through a window. The new measure – called the sunlight
beam index – is described, and examples are given for a realistic residential dwelling.
The sunlight beam index is determined for a full year on a time-step basis (e.g. every
15 minutes), but it can be aggregated into monthly or yearly totals. The annual total
provides a single measure for: one window; a group of windows; or, all the windows for
an entire dwelling.

1 Introduction

It is generally accepted worldwide that all dwellings should have occasional direct sun
penetration through at least some of the windows. The same or similar criteria also
apply to other categories of buildings, e.g. schools, residential/care homes, hospitals, etc.
The guidelines for di↵erent countries / locales vary enormously though they tend to have
similar key characteristics, e.g. that a window should receive direct sun for a certain
period on, say, the equinox. For example, British Standard 8206-2 recommends that:

“the centre of at least one window to a main living room can receive 25%
of annual probable sunlight hours, including at least 5% of annual probable
sunlight hours in the winter months between 21st September and 21st March”
[1].

A recent paper by Darula et al. lists the sunlight recommendations for ten European
countries [2]. Three of them are reproduced in Table 1 to illustrate the range in the types
of recommendations given.

Country Sunlight duration requirements
Czech Republic At least 1.5 hrs on March 1st or balance of sunlight duration

in the period from February 10th to March 21st is at least
1.5 hrs; solar altitude is at least 5�

Italy At least 2 hrs of sun per day in the period February 19th to
October 21st

Sweden At least one room or separable part of a room shall have
access to direct sunlight; at least 5 hrs sunlight between 9 am
and 5 pm at spring and autumn equinox

Table 1: A selection of recommended sunlight duration requirements from Darula et al.
[2]

This paper describes a new metric to assess the sunlight beam potential of arbitrarily
complex building apertures, typically windows. The rationale for the new model is the
need to create an index of sunlight beam potential for buildings that is a faithful measure
of that actually experienced. As noted, existing measures of sun exposure/potential are
many and various. However, they all possess one or more of the following weaknesses:

a. They consider only certain times of the day and/or year, e.g. one of the equinox
conditions.
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Problems, issues, 
limitations of the various 

schema:



• They consider only certain times of the day and/or year, 
e.g. one of the equinox conditions. 

• They either ignore the direction at which the sun is incident 
on the window, or employ crude switch mechanisms such 
as the ‘dead angle’. 

• They ignore the size of the window. 
• They ignore or cannot adequately account for the 

shadowing effects of frame bars or window reveals. 
• They ignore or cannot adequately account for shadowing 

caused by surrounding structures or buildings. 
• The method employed is restricted to idealised geometry 

or built forms. 
• The evaluation cannot produce a meaningful, aggregate 

measure for multiple windows and/or an entire dwelling. 
• The evaluation provides no information on the temporal 

dynamics of possible sun exposure.
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Basic unit of SBI:

1⇥ 1 = 1m2 hrs



1m2 window with 
external reveal



1m2 aperture set in thin wall 1m2 aperture set 20cm deep reveal
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SBI results for 1m2 
aperture



Aperture Without reveal With reveal (20 cm)

orientation SBI [m

2
hrs] SBI [m

2
hrs]

North 204 84

NE 608 414

East 1,348 1,037

SE 1,826 1,343

South 1,927 1,340

SW 1,822 1,342

West 1,345 1,033

NW 604 411

Cumulative annual sunlight beam index

London, UK



Temporal SBI Map



The Sunlight Beam Index

Total SEI    204 m2 hrs
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Figure 4: Temporal maps for a 1 m2 glazed aperture – no window reveal (left) and with window reveal
(right) [London, UK]
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House



The Sunlight Beam Index

Figure A9: ‘Row House’ model default orientation (000) and context
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Figure A9: ‘Row House’ model default orientation (000) and context
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Stot = 1754 m2 hrs     :     Aglaz = 1.54 m2     [ Snorm = 1139 hrs ]
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Stot = 24520 m2 hrs     :     Aglaz = 25.52 m2     [ Snorm = 961 hrs ]
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Stot = 1861 m2 hrs     :     Aglaz = 1.54 m2     [ Snorm = 1208 hrs ]
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Stot = 737 m2 hrs     :     Aglaz = 2.48 m2     [ Snorm = 297 hrs ]
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Stot = 2427 m2 hrs     :     Aglaz = 3.46 m2     [ Snorm = 701 hrs ]
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Stot = 2511 m2 hrs     :     Aglaz = 1.21 m2     [ Snorm = 2076 hrs ]
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Figure 6 – Eight of the sixteen SBI temporal maps for the Row House model

sunlight that passes through the window is ‘lost’ in the 250 mm deep window reveal, and more
than half in the 550 mm deep reveals. As expected, the blocking effect of the internal reveal is
greatest in the summer months when the angle of incidence between the sun and the window
normal is greatest.

3.6 Volumetric assessment of beam sunlight

For this final part of the exposition of this new approach, the potential to make some meaningful
aggregate measure and visualisation of the volume of space ‘penetrated’ by direct beam sunlight
is investigated. For this a very simple space is used: height ⇥ width ⇥ depth was 3 m ⇥ 3 m ⇥
5 m, with a 1 m ⇥ 1 m glazed aperture positioned centrally in one of the walls, Figure 9(a). The
sensor array is now a ‘stack’ of 12 sensor grids separated by 10 cm intervals, and starting from
a height of 5 cm above the floor. Thus the sensor array accounts for a volume of height 1.2 m
above the floor. This was chosen because this is typically the ‘occupied’ height above the floor
for people seated in a space. To be consistent with daylight simulation recommendations, there
is a 0.5 m perimeter space between the sensor array and the walls, i.e. each sensor plane has
dimensions 2 m ⇥ 4 m. Each point on the sensor arrays now represents a volume element (or
voxel) rather than an area.

The simulation was run as before for a full year at a timestep of 15 minutes and, for this illustration,
the location of the room was Ostersund (Sweden) and the window aperture was facing due south.
For each timestep �t that sunlight was incident on a sensor array point (voxel volume v m3), the
volumetric sunlight beam potential at that point is simply v�t m3 hrs. The annual total is then the
sum of the individual voxel values over the year.

A volumetric rendering of the total annual sunlight beam potential is given in Figure 9(b) – four
views of the same volume are given. For this rendering of 3D data, the voxel opacity is proportional
to the magnitude of the value at that point. Thus, the very low values (shaded black) are given a
very low opacity and so appear as a ‘grey haze’ allowing the viewer to ‘see through’ to the shaded
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Stot = 22328 m2 hrs     :     Aglaz = 25.52 m2     [ Snorm = 875 hrs ]
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Stot = 14213 m2 hrs     :     Aglaz = 15.82 m2     [ Snorm = 898 hrs ]
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Stot = 8116 m2 hrs     :     Aglaz = 9.70 m2     [ Snorm = 837 hrs ]
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Stot = 14144 m2 hrs     :     Aglaz = 25.52 m2     [ Snorm = 554 hrs ]
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Stot = 10392 m2 hrs     :     Aglaz = 15.82 m2     [ Snorm = 657 hrs ]
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Stot = 3752 m2 hrs     :     Aglaz = 9.70 m2     [ Snorm = 387 hrs ]
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Effect of internal reveals
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Monthly Total Entrant SEI : box-facade-000-GBR-London
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External shading devices



Stot = 1701 m2 hrs     :     Aglaz = 1.00 m2     [ Snorm = 1701 hrs ]
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Stot = 329 m2 hrs     :     Aglaz = 1.00 m2     [ Snorm = 329 hrs ]
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Stot = 846 m2 hrs     :     Aglaz = 1.00 m2     [ Snorm = 846 hrs ]
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Stot = 1184 m2 hrs     :     Aglaz = 1.00 m2     [ Snorm = 1184 hrs ]
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Stot = 315 m2 hrs     :     Aglaz = 1.00 m2     [ Snorm = 315 hrs ]
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Volumetric evaluation
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a b s t r a c t

This paper describes a proposal for a daylight standard for CEN countries. It is now widely accepted in the
research community, and increasingly so amongst practitioners, that the standards/guidelines for
daylight in buildings are in need of upgrading. The essence of the proposal is that the ‘target’ for daylight
provision should be founded on the availability of daylight as determined from climate files. The proposal
is in fact a refinement of an approach originally described in a CIE document from 1970, and which
appears to have been largely overlooked since then. The proposal states that a design should achieve a
target daylight factor at workplane height across a specified percentage of the relevant floor area for half
of the daylight hours in the year, where the target daylight factor is based on the provision of 300 lux. A
key feature of the refinements are the formulation of the methodology such that the likelihood for
misinterpretation and ‘game-playing’ is greatly reduced, if not eliminated altogether. The method,
founded on cumulative diffuse illuminance curves, could be introduced relatively swiftly since it requires
only modest enhancement of existing daylight prediction tools. In addition, the proposal will provide a
sound ‘footing’ for eventual progression to evaluations founded on full-blown climate-based daylight
modelling.

© 2016 Published by Elsevier Ltd.

1. Background

By the late 1800s the pressure to accommodate an increasing
number of people in the cities of the developing world led to taller
and more tightly-packed building forms, thereby reducing and
often eliminating entirely the direct view of sky from much of the
useable, internal space. This in part led to the need for some
objective measure of the daylighting performance of a space which
could, if required, function as a tool to evaluate buildings at the
planning stage. Daylight was at that time still the preferred source
of illumination for both manual and clerical work e it was also
‘free’. Thework of Nordhaus has shown that the real cost of artificial
light has dropped by nearly four orders of magnitude over the last
two hundred years [1].

It is only over the last decade or two that we have come to
appreciate once again the true importance of ‘good’ daylighting
design for buildings. However the legacy of many years of effective
downgrading of daylighting in the overall consideration of building
design is still apparent today. Many standards for daylighting have

hardly changed over 40 or more years, and often make no account
of the actual availability of daylight. Attempts to progress matters
have often resulted in less than satisfactory outcomes, e.g. vague or
confusing criteria and/or methodologies. For example, the various
‘clear sky options’ recommended in both LEED and ASHRAE have
resulted in approaches that are one or more of the following:
confusing, inconsistent, prone to the vagaries of patterns in climate
data, and/or without a proven rationale [2].

There is in effect an “impasse” that is hindering any progression
towards standards that are founded on actual daylight availability
[3]. It should also be pointed out that any attempt to create a
standard based on objective criteria is going to be difficult, the
complexity of the situation was made clear by Boyce [4] and the
level set in any standard is going to be as much about what is
economically possible as much as it is about what is technically
necessary. A way around that impasse was proposed in the course
of deliberations of the panel for CEN Technical Committee 169/
WG11 ‘Daylight’. This paper shows how the proposal could form the
basis of a reliable and effective EU daylighting standard. It is
possible for guidelines produced in one country to become de facto
standards elsewhere if they are adopted locally. One example is the
Building Research Establishment Environmental Assessment
Method (BREEAM) which has been taken up and promoted in a
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Solar hotwater systems.
From a name you can trust.

Five reasons to install a VELUX
Solar HotWater System.

1 Your VELUX Solar Hot Water System can help you
play your part in reducing global carbon emissions as
it provides up to 70%of your home’s hotwater
requirements.

2 Going green with renewable energy does not mean
you have to forfeit aesthetics. VELUX solar collectors
integrate harmoniously with their surroundings to
ensure a visually attractive roof design.

3 The VELUX Solar HotWater System has been fully
approved and has strong ties with independent
certification schemes and specialist government
accredited installers to give you complete peace
of mind.

4 A VELUX system is supplied to your installer as a
complete solar hot water package. This ensures total
compatibility between components, thus providing
optimum performance.

5 You can expect the same premium quality from
a VELUX solar range as you have always known
from our windows.

Find out more at www.carbon-neutralhome.co.uk
or www.carbon-neutralhome.ie.

© 2009 VELUX GROUP, ® VELUX, VELUX logo are registered trademarks.

J. Mardaljevic and N. Roy. The sunlight beam index.  
Lighting Research and Technology, 48(1):55–69, 2016. 
Link to freely available PDF

http://lrt.sagepub.com/content/48/1/55.abstract

